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Motivation
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LCM
cycles 
defrost time 
[min]
Uncoated 61.23 -9.07 7 27 3.08 30.08 299.53
Superhydrophobic 61.67 -9.12 7.61 93 4.25 97.25 127.84
Experimental Setup
Test Conditions and Results
Improved Performance
• We observed that superhydrophobic (bohemitized
aluminum with HTMS coating) heat exchangers
exhibited excellent anti-icing capability when
compared to uncoated and superhydrophillic heat
exchangers under laboratory conditions (Tamb ≈
25°C, RHamb ≈ 50%, TCF,inlet ≈ -15°C)
• Extended condensation phase was observed in the
superhydrophobic heat exchangers because of
jumping-droplet-assisted droplet removal.
• Overall defrost times in superhydrophobic heat
exchangers were also considerably lower because
chunks of ice slid off the surface as a result of
interfacial melting.
• However, ambient conditions cannot be controlled
and often vary temporally. Additionally, we are also
unable to study phenomena such as ablimation
frosting which occurs in cold and dry air (For
example, Tamb ≈ 2°C, RHamb ≈ 50%).
• A windtunnel enables us to control the flowrate,
relative humidity and temperature of the incoming
air and helps us conduct systematic tests to
benchmark these next-generation heat exchangers.
Figure 1. Average heat transfer as a function of time, showing
the sharp increase in both the condensation frost cycle time
and average heat transferred during the cycle for the
superhydrophobic case. (Experiment performed in quiescent
air with unevenly distributed airflow.)
Conclusions and Ongoing Work
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Windtunnel Capabilities
• Top schematic ↑
• Pressure difference (1) is used to measure the air
flow rate in the windtunnel.
• Pressure difference (2) is used to measure the the
pressure drop across the heat exchanger.
• Chiller loop and heating coils (PID controlled)
help maintain air temperature.
• PID controlled humidifier introduces moisture
into the air flow.
• Right picture →
• Temperature grids measure the temperature of the
inlet and outlet air.
• Condensate pan isolates condensate mass from
frost mass.
• Heat exchanger can be weighed to ascertain the
frost mass.
• Seamless back panel allows clear imaging.
• Precise measurement of cooling fluid using RTDs
(Resistance Temperature Detectors)
• Variable air flow velocity (0 to 8 m/s)
• Accurate pressure drop measurements (0.073%)
• Controllable air temperature
• Variable relative humidity
• Mass measurement (under improvement)
• Condensate collection (in development)
• Heat exchanger sizes (27 cm x 18 cm x
variable depth (2 – 15 cm)
Figure 2. Superhydrophobic heat exchanger during testing.→
Figure 3. a) ΔPTS increases as frost constricts the gaps between the fins of the uncoated heat exchanger, it grows at a
slower rate for a superhydrophobic heat exchanger, b) A single frosting cycle for a superhydrophobic heat
exchanger is 3X longer than that for an uncoated heat exchanger, the arrows point to the exact moment when the
frosting cycle would be stopped.
• Fluctuations in heat transfer data were observed because of the insufficient control provided by the humidifier and the
PID controller. The humidity requirement was being over predicted because of the high mass flux (water condensing on
the superhydrophobic heat exchanger).
• We were unable to analyze the mass of the heat exchanger due to excessive noise in the collected data.
• Superhydrophobic heat exchangers outperformed uncoated heat exchangers in both pressure drop and cycle time.
• New control system for humidity is being developed. This two step control system will include both thermal control
(varying the evaporation rate in the humidifier) and flowrate control (varying the flowrate of the supplied steam using a
solenoid valve).
• Condensate pan has been redesigned to help us collect droplets that are carried by the airflow.
• Redesigning the heat exchanger mass measurement system.
• Installing a desiccant system for water entrainment measurements.
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